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Abstract 
During the last years, in the city of Rome (Italy) due to social and economical trends urban agriculture is a growing 
phenomenon. Residential kitchen gardens in Rome are a custom started in the past, but recently they experienced a 
strong increase with a concentration in the city fringe. The amount and extension of these cultivated parcels has 
been inventoried by the Italian Institute of Agricultural Economics (INEA) in 2014 with a methodology based on 
photointerpretation of the very high resolution imagery provided by Google Earth. The spatial dataset, after field 
validation, contains around 2,700 polygons with some attributes, among which the agricultural land use (i.e. 
horticulture, mixed crops, orchards, vineyards and olive groves). The use of water in urban agriculture is a relevant 
issue both in terms of competition with other uses and in terms of safety for human health. In Rome, residential 
kitchen gardens may resort to municipal water supply but, due to water costs, the water abstraction from wells (legal 
and illegal) and canals and rivers (illegal) is common. This paper describes the estimation of the irrigation water 
demand of the residential kitchen gardens by taking into account various agricultural land use and two different 
irrigation systems. Estimations are referred to the irrigation season (April-September) by using average climatic data 
(1950-2000). Parcels irrigation water requirement is also evaluated in terms of sustainability by considering a 
scenario where rain water is harvested and stored for the irrigation season as a possible alternative or supplement to 
the current irrigation sources. The proposed approach could be useful for administrators for a preliminary 
assessment of one of the component of water use in urban areas, and to support water management activities by 
taking into account the beneficial role of urban agriculture. 
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1. Introduction 
Urban agriculture (UA) can simply be defined as the cultivation of crops in the urban areas taking on different 
forms and meanings. UA is a livelihood activity for low-income groups (i.e. in the Global South), it can be a mean 
for additional income for middle-income households, while for high-income households (i.e. in the Global North) it 
features as the tool for ensuring a more environmentally friendly form of food production (Stewart et al. 2013). The 
urban food production increases green spaces in cities (vacant land and abandoned sites are often used), and 
enhances biodiversity (Bower et al., 2003). In general then, UA is intertwined with concepts such as urban food 
security, nutrition (Maxwell, 2003), sustainability and the environment, but also with ideas of beautification, leisure 
and exercise, and social interaction. UA provides ecosystem services at different scales within urban areas: at local 
scale (e.g. temperature regulation, water and pollutant filtration), landscape scale (climate mitigation, pollination) 
and global scale (carbon mitigation, biodiversity) (McDonald, 2009). As urbanization increases globally and the 
natural environment becomes increasingly fragmented, UA as well as home gardens with ornamental crops have a 
relevant role in the urban green space and can provide considerable biodiversity benefits (Goddard et al., 2010).  
UA and green spaces requires water for their maintenance competing with the other urban water users. In the 
Mediterranean countries the competition can be exacerbated especially during the summer months and the situation 
will be worsened in the future by Climate Change, increasing urbanization and population growth. Cities are made 
up mainly by extended sealed surfaces (e.g. streets, roofs and car parks) and are more and more frequently affected 
by risks of floods and landslides due to difficulties in the storm water management. 
Agricultural activities in cities can indirectly improve urban water management, in fact green spaces allow 
rainwater and runoff to drain through the soil and the need for costly storm water sewers and drainage can be 
minimised. To invest in urban agriculture, therefore, is just as necessary as developing a network of channels and 
drains (Deelstra et al., 2000). Therefore, a sustainable irrigation management calls for a better understanding of 
water requirements to lessen environmental risks and increase water use efficiency. 
This study aims at providing a first estimation of irrigation water requirement of residential kitchen gardens 
(RGs) located in the urban area of the city of Rome (Italy) in order to understand the amount of water required by 
private cultivated parcels as one of component to consider in the urban water management. In addition, a 
sustainability scenario is defined under the hypothesis that each cultivated parcel has a nearby roof collecting 
rainwater to be exploited during the irrigation season (April-September). The computation is based on a spatial 
dataset created in 2014 by the Italian Institute of Agricultural Economics (INEA) containing all the cultivated RGs 
located inside the urban area of Rome. 
Investigating potential new sources for irrigation can contribute to the development of more productive 
agricultural activities by reducing the resort to other irrigation sources such as the costly public water and the 
abstractions from wells or, in the worst case, from river or canals that might be heavily contaminated.  
The paper is organized as follows. First, the irrigation water requirement is computed for each RG by using a 
gridded climate dataset (average climatic data 1950-2000) by considering two irrigation systems with different 
efficiency (low and high). Next, the annual water volume potentially harvested from roofs nearby each RGs is 
estimated and compared to the irrigation water requirements. Finally, a detail explanation of the results obtained, 
along with discussion and conclusions are reported.  
 
2. Materials and methods 
2.1. Study area 
The study area is the urban area of Rome delimited by the Grande Raccordo Anulare (GRA), the highway ring of 
68 km in circumference and 344 km2 of area. The whole city covers a  total surface of more than 1,280 km2 with a 
population of about 2,65 million human inhabitants which makes it the most populous of Italy. From the early 
1960's there has been a process of urbanization which increased the population with a settlement system 
characterized by intensive urban sprawl. As a results, within the GRA urban expansion has left large patches of non-
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urbanized green and vacant areas. UA occurs mainly within these areas, nowadays organized in a system of parks 
which extend close to the city centre, providing multiple ecosystem services and public goods.  
 
Fig. 1. Spatial distribution of the residential kitchen gardens in the study area, the urban Area of Rome delimited by GRA. Each cultivated 
polygon is depicted by the centroid and classified according to five agricultural land use classes. 
2.2. Data sources 
The estimation of the irrigation water demand and of the amount of water potentially harvested by roofs for each 
RG was realized by using the following dataset: 
 geodatabase containing RGs polygons and land use attributes; 
 average crop coefficients for each RG based on the land use class associated; 
 climate data of the study area (precipitation and evapotranspiration). 
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The geodatabase of RGs was realized in 2014 by INEA through a methodology based on the photointerpretation 
of the multitemporal very high resolution imagery (years: 2007 and 2013) available in Google Earth (Lupia and 
Pulighe, 2014). The database contains around 2,700 cultivated polygons in the urban area of Rome for the year 
2013, the smallest detected polygon has an area of 6 m2 ca. Each polygon was classified according to the following 
agricultural land use classes: horticulture, mixed crops, orchards, vineyards and olive groves; a summary statistic 
table is reported in Table 1. The spatial distribution of the polygons across the study area shows a strong 
densification toward the periphery, where a lot of unsealed areas are available, while in the city centre, dominated 
by artificial areas, RGs are rare or too small to be detected by the methodology. 
The values of crop-coefficient (kc) was assigned to each RG by computing an average value for the irrigation 
season based on the crop coefficients reported in the FAO paper 56 (Allen et al., 1998). For each land use class a 
crop pattern was defined by considering the common Mediterranean crops and a mean value of kc was computed (see 
Table 1).  
Due to the lack of access to local climate data from local weather station in the pilot area we relied on the climate 
data available from the web portal WorldClim (http://www.worldclim.org/). WorldClim is a set of global climate 
layers (climate grids), with a spatial resolution of about 1 km2, routinely used for mapping and spatial modelling in a 
GIS as raster grids. Information about the methods used to generate the climate layers, and the units and formats of 
the data are reported in Hijmans et al. (2005). Data on monthly precipitation and evapotranspiration, in mm, were 
extracted in raster format for a tile covering the pilot area. Each climatic variable is represented by 12 different raster 
dataset, one for each month, corresponding to the average values for the climatic period 1950-2000. Raster dataset 
were pre-processed with the software Esri ArcGis 10.1 by using geospatial functions to assign the values of each 
variable for each months to the corresponding RG polygon. 
2.3. Processing 
The water consumption for each cultivated parcel was assessed by computing the Irrigation Water Requirement 
(IWR) for the irrigation season (April-September). IWR can be defined as the amount of water, net of effective 
precipitation, needed to fulfil evapotranspiration for maximum plant growth and yield of a given crop in a specific 
climate regime and at a given time of its phenology: 
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where kc is the average crop coefficient defined according to the land use pattern of each parcel, ETo(i)  and Peff(i) 
are the reference evapotranspiration and the effective rainfall of the i-th month, both in mm. The product kc by ETo is 
the crop water requirement under standard conditions (Allen et al. 1998). 
The parameter Peff (i.e. net of foliage interception) can be calculated for each month as (Brower et al. 1986): 
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where P is the precipitation in mm. 
To estimate the actual quantity of water to be applied to each RG, taking into account the water losses and 
irrigation system efficiency, we computed the Gross Irrigation Water Requirement (GIWR) (Frenken et al. 1997): 
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E
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where E is the global efficiency of the irrigation system. 
By considering two different irrigation systems, surface and localized (i.e. drip irrigation), we defined two 
scenarios (Scenario I and Scenario II) based on the irrigation efficiency by assigning to E the average values of 45% 
and 90% respectively (Brower et al. 1989). The GIWR was computed for each RG and for each scenario. 
Subsequently, we investigated the possibility to perform the irrigation activity in a more sustainable manner 
under the hypothesis that a portion of the water needed for irrigation can be satisfied by collecting and storing rain 
water. To compute the amount of water that can be captured and stored yearly, the following assumptions were 
made: 
 each RG has always enough space to accommodate a tank for water storage; 
 each RG have a nearby building or structure to be used as a catching surface for rain water; 
 since data on building footprint are not available, every RG is associated with a catchment surface (i.e. a roof) of 
a predetermined size equal to 100 m2; 
 a standard value of efficiency (60%) is attributed to the catchment area for accounting of leaks, wind, rainfall 
rates. In fact, during a slow gentle rain, with no leaks in the system, collection efficiency can reach about 95%, 
while, during a very fast, heavy rain, the efficiency would be closer to 60-75 % because gutters overflow and gutter 
covers are overrun with water.  
Under the mentioned assumption, the total amount of water that can be harvested can be computed by the 
following equation:  
 
effrooftot HAPRH
310
         (5) 
 
where RH is amount in m3 of rain water harvested and stored in a tank, Ptot the total annual precipitation in mm, Aroof 
the roof area in m2 and Heff the harvesting efficiency of the system set by default to 60%. Since the last two 
parameters are set to a constant value, RH is modulated only by precipitation and its variability among the RGs is 
linked to the spatial distribution of precipitation across the study area. 
3. Results and discussions 
The study area has a total number of 2,708 RGs with different cropping and an overall cultivated area of 
1,019,217 m2. Horticulture is the primary land use (52.7% of the cultivated area) with the largest number of plots 
(2,264 – 84% over the total).  
Table 1. Statistical values of RGs (number and area), RH and kc broken down by land use class. Areas are in m2 and volumes in m3.  
 
Horticulture Vineyards Olive groves Orchards Mixed crops 
area RH area RH area RH area RH area RH 
Average 237.34 47.14 557.91 47.17 1,946.94 47.51 842.53 47.20 747.46 47.19 
Median 117 46.74 404 47.07 1399 47.64 500 46.95 409 47.22 
Minimum 6 45 44 46 104 45 101 46 37 45 
Maximum 7,375 50 2,843 50 14,380 50 9,976 50 7,300 50 
Sum 537,345 106,675 45,749 3,868 262,837 6,414 32,016 1,794 141,270 8,920 
% of area 52.7% - 4.5% - 25.8% - 3.1% - 13.9% - 
% of N 83.6% - 3% - 5% - 1.4% - 7% - 
N 2,264 82 135 38 189 
kc mean 0.75 0.48 0.7 0.7 0.66 
    Total area 1,019,217 
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    Total RH 127,671 
    Total N 2,708 
RG: residential kitchen garden; RH: rainwater harvested; N: number of residential kitchen gardens 
 
Olive groves are the second land use in terms area (25.8%) and the third in terms of plots (135). Mixed crops 
represent the third land use (13.9%) and the second in terms of plots (189). Vineyards are the forth both in terms of 
area (4.5%) and number of plots (82). Orchards occupy the smaller area share (3.1%) and have the lowest number of 
plots (38).  
Overall, the total annually rain water potentially harvested by all the roofs associated to the cultivated parcels is 
127,671 m3 (Table 1). Horticulture has the largest potential for accumulation (106,675 m3), followed by mixed crops 
(8,920 m3), olive groves (6,414 m3), vineyards (3,868 m3) and finally orchards (1,794 m3). It is clear that the 
estimates of the total potential accumulation for each land use category is directly related to the number of polygons 
associated, while the value computed for each polygon ranges between 45 and 50 m3 ca depending only on the 
precipitation variability across the study area. 
Table 2. Statistical values of Gross Irrigation Water Requirement (GIWR) (m3) computed for the irrigation season for Scenario I (GIWR45, 
low efficiency irrigation system) and II (GIWR90, high efficiency irrigation system). Values are reported by land use class. 
 Horticulture Vineyards Olive groves Orchards Mixed crops 
GIWR45 GIWR90 GIWR45 GIWR90 GIWR45 GIWR90 GIWR45 GIWR90 GIWR45 GIWR90 
Average 272.56 136.28 371.69 185.84 2,083.97 1,041.98 892 446 737.80 368.90 
Median 134.64 67.32 269.71 134.86 1,478.81 739.41 522.36 261.18 391.97 195.98 
Minimum 7 3 29 15 108 54 105 53 37 19 
Maximum 8,641 4,320 1,926 963 15,626 7,813 10,514 5,257 7,281 3,641 
Sum 617,078 308,539 30,478 15,239 281,336 140,668 33,896 16,948 139,444 69,722 
       Total GIWR45 1,102,232 
       Total GIWR90 551,116 
Table 2 summarizes GIWR values computed for the two scenarios, Scenario I (GIWR45) and Scenario II 
(GIWR90), defined with the assumption that the irrigation system uses have an efficiency of 45% and 90% 
respectively. Analyzing Scenario I, horticulture has the highest values of water requirements (617,078 m3), while 
vineyards have the lowest values. Similar results are obtained for Scenario II, with the highest values for horticulture 
(308,539 m3) and the smallest for vineyards (15,239 m3). The water requirements dominance of horticulture is 
strongly related to the number of polygons and the values of kc used. In general, if we consider all the land use 
classes, GIWR values have an ample range of variation: values range from 7 m3 (horticulture) to 15,626 m3 
(orchards) for Scenario I, while, for Scenario II, values range from 3 m3 (horticulture) to 7,813 m3 (olive groves) . By 
observing the median values, that provide in general robust and better estimates reducing the impact of data with 
extreme values, considering for Scenario I, horticulture has the lowest value (134.64 m3) and olive groves the 
highest (1,478.81 m3). Similarly, Scenario II reveals that horticulture has the lowest median value (67.32 m3) and 
olive groves the higher median value (739.41 m3). 
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Fig. 2. Amount of irrigation water (percentage over Gross Irrigation Water Requirement (GIWR) for the irrigation season) that can be potentially 
provided by the annual rainwater harvested for the two scenarios. The remaining amount should be provided by other water sources. 
 
Interesting observations derive from the comparison of the median values of GIWR and RH : for instance, the 
median value for horticulture in Scenario II (67,32 m3) is close to the median of RH (46.74 m3) suggesting that is 
possible to sustain the horticulture solely with the rain water and reducing or avoiding the resort to other irrigation 
water sources.  
Figure 2 shows, for each land use category, to which extent the rain water harvested annually can contribute to 
the irrigation requirement for the two scenarios. The values reported are computed in a simplistic manner by 
considering that all the rain water harvested is stored without any limitation and applied on the fields without any 
loss due to the efficiency of the irrigation system. The blue the bars depicts the share of irrigation requirement 
satisfied by the rain water harvested. The lowest values are those from Scenario I, where RH can supply, in the best 
case (horticulture), only 17% of the water requirements, and in the worst case (olive groves), only 2%. As far as 
Scenario II is concerned, irrigation water is potentially provided by RH with higher percentages (e.g. 35% for 
horticulture and 5% for olive groves).  
The most relevant results are those concerning horticulture being the primary land use in the study area and the 
main water demanding typology among RGs, especially if we consider that horticulture is mainly carried out during 
summer. In addition, field controls carried out during the INEA database validation confirmed that vineyards and 
olive groves are generally maintained under rainfed condition, as also reported in literature for the Mediterranean 
areas (FAO, 2012). Thus, if we consider the best irrigation system (Scenario II) and the largest cultivated crops 
(horticulture), urban agriculture in residential areas can be considered sustainable in terms of water use by adopting 
the mentioned techniques and measures for water saving. 
Another interesting view of the data is related to the number of polygons that can be irrigated by using only the 
rain water harvested (RH). Table 3 compares the summary statistics for Scenario I and II considering the number and 
percentages of cultivated plots that can be irrigated with or without additional water. With Scenario II, RH satisfies 
the water demand of 36% of all the parcels in the pilot area, of which 41% are horticulture. With Scenario I, RH 
satisfy the water demand of 16% of all the parcels, of which 18% are horticulture. Mixed crops require integration 
from other sources up to 97% of total parcels in Scenario I and 87% in Scenario II, respectively.  
Table 3. Number of polygons (absolute values and percentage over the total) that can be irrigated with or without resorting to additional water 
sources by using all the rainwater harvested. Data are reported for the two irrigation efficiency scenarios. 
4. Conclusions 
This contribution presented a possible approach for a preliminary study of the water demand of the residential 
kitchen gardens located in the urban area of the city of Rome by using a spatial dataset on urban agriculture (Lupia 
and Pulighe, 2014). 
We addressed the following questions: 
 Scenario I Scenario II 
 With additional water Without additional water With additional water Without additional water 
Horticulture 1,845 81% 419 18% 1,335 59% 929 41% 
Vineyards 77 94% 5 6% 67 82% 15 18% 
Olive groves 135 100% 0 0% 135 100% 0 0% 
Orchards 38 100% 0 0% 38 100% 0 0% 
Mixed crops 184 97% 5 3% 165 87% 24 13% 
N 2,279 84% 429 16% 1,740 64% 968 36% 
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1. What is the irrigation water requirement of the RGs during the irrigation season for each land use category by 
considering two distinct irrigation efficiency scenarios? 
2. How much rain water can be potentially harvested annually by considering a roof associated to each RG? 
3. To which extent the irrigation water requirement of the RGs can be satisfied by the harvested rainwater? 
The first question was addressed by using the classical FAO paper 56 methodology based on the concept of crop 
coefficient and evapotranspiration and by taking also into account the concepts of effective precipitation and 
irrigation system efficiency. The estimation was done for two different scenarios related to the water application 
with low and high efficient irrigation systems. Results show that in the overall the RGs have a water requirement 
(GIWR) of 1,102,232 and 551,116 m3 for the scenario with low and high efficiency, respectively. The highest water 
demand is registered for the RGs with horticulture (617,078 and 308,539 m3 for the scenario with low and high 
efficiency, respectively). 
For the second question we made the hypothesis that each RG has a nearby building with a roof with a standard 
size that can collect water through the year (RH) to be used during the irrigation season. Results show, given the 
spatial variability of the rain throughout the pilot area, a total amount of 127,671 m3 of water.  
Finally, with the last question, we compared the GIWR and the RH values to investigate to which extent the use 
of rainwater can supply the water demands of the cultivated parcels. Estimated values show that, by excluding 
vineyards and olive groves generally cultivated under rainfed conditions, horticulture is actually sustainable. In fact, 
with best irrigation efficiency scenario, a total amount of 949 parcels could be irrigated without additional water.  
To summarize, the combination of high efficiency irrigation systems and the use of rain water can potentially 
reduce the resort to additional water sources for irrigation of RG in the pilot area; the assertion is also realistic if we 
consider that vineyards and olive groves are cultivated under rainfed conditions in the area and, in general, in the 
Mediterranean areas. As immediate benefit we imagine a potential reduction of the use of public water or water 
abstracted from wells for irrigation purposes, generally very costly especially for large RGs. Furthermore, the resort 
to water coming from rivers or canal potentially contaminated could be reduced or avoided, and the availability of 
water for irrigation at no cost can contribute to improve the agricultural productivity. 
Concerning the aspect of reliability of the estimates, they have to be considered approximate due to the quality 
and resolution of the available input data and to the simplification of the methodological approach. The main 
limitations are summarized below. 
 The irrigation water needs for each RG could be improved by using climate data with a finer resolution (cell size 
< 1km2); the current dataset is too coarse compared to the minimum size of RGs (6 m2).  
 To obtain a realistic estimation of the potential water harvested at each RG a spatial dataset of the building 
footprint of the urban area should be acquired. 
 The irrigation water demand of the RGs in the pilot area can be considered an underestimation; in fact, the 
geodatabase used contains only the polygons that have been detected by photointerpretation and numerous small 
parcels may have not been recognized due to the spatial resolution of the imagery available in Google Earth.  
 The crop coefficient (kc) used for each land use class is an average value extracted by using the value reported in 
the literature. Results could be improved considerably by collecting data on cultivated crops for a sample of RGs.  
Despite the mentioned limitation, the approach proposed is a starting point for creating a picture of the water 
requirements for urban agriculture that can support administrators and water managers to better define strategies and 
regulations to optimize the water resources in urban areas. This could be useful to build an alternative approach by 
considering storm water as a potential resource avoiding to remove it from urban areas (Mitchell et al. 2001).  
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